A broadly reactive and highly sensitive reverse transcription-quantitative PCR assay to detect salivirus/klassevirus was developed. By means of the developed assay, salivirus/klassevirus was detected in 13 (93%) raw sewage, 4 (29%) secondary-treated sewage, and 9 (16%) river water samples, with a maximum concentration of 9.7 ؋ 10 6 copies/liter.
S
alivirus is a novel member of the family Picornaviridae that was recently discovered in the feces of children with nonpolio acute flaccid paralysis (AFP) in Nigeria (1) . Another picornavirus, klassevirus, has also been found in the feces of children with gastroenteritis in the United States and Australia (2, 3) . Salivirus is genetically indistinguishable from klassevirus (1-3), and both salivirus and klassevirus are currently classified as the novel genus Salivirus according to the Picornaviridae Study Group of the International Committee on Taxonomy of Viruses (ICTV) (http://www.picornastudygroup.com/).
Several reverse transcription-PCR (RT-PCR) and RT-nested PCR assays have been developed based on the conserved nucleotide sequences in the 5= untranslated region (UTR) and 2C, 3D, and viral protein 0 (VP0)/VP3 regions (1) (2) (3) (4) (5) . These assays have succeeded in detecting salivirus/klassevirus in the feces of patients with gastroenteritis and nonpolio AFP in several countries worldwide, indicating the pathogenicity of this virus to humans (1) (2) (3) (4) (5) (6) .
Human enteric viruses are known to be abundant in wastewater and receiving water bodies (7) . Monitoring of wastewater samples from a wastewater treatment plant (WWTP) is considered the most promising approach for understanding the true incidence of viruses that are shed from both symptomatic and asymptomatic patients in the WWTP service area; this approach is especially effective for rare and/or emerging viruses (8) (9) (10) (11) .
The first detection of salivirus/klassevirus in water was reported in 2009: the virus was detected in a raw sewage sample from a WWTP in Spain (3). Subsequently, in our previous study, salivirus/klassevirus was detected in 50% (7/14) of raw sewage samples and 29% (4/14) of secondary-treated sewage samples from a Japanese WWTP (12) . Metagenomic analysis revealed the presence of salivirus/klassevirus in untreated sewage in Nepal and Thailand (13) . These results indicate the possibility that salivirus/ klassevirus is ubiquitous in wastewater worldwide. To further develop understanding of the prevalence of salivirus/klassevirus in water, further studies should be conducted extensively from the quantitative viewpoint.
Design of primers and probe. This study aimed to develop an RT-quantitative PCR (RT-qPCR) assay for the highly sensitive and specific detection of salivirus/klassevirus. The 5= UTR was chosen as a target to design oligonucleotide primers and probe that specifically reacted with salivirus/klassevirus because it has been widely used for the primer/probe design for many picornaviruses (14) (15) (16) (17) . The 5= UTR nucleotide sequences of 13 salivirus/ klassevirus isolates were obtained from the GenBank database (accession numbers GU245894, GQ184145, GQ179640, JN379039, and GU376738 to GU376746). Because these isolates originated from a limited number of countries (1, 2, 5), three 5= UTR sequences identified in Japanese wastewater samples in this study (GenBank accession numbers AB775007 to AB775009) by the conventional RT-nested PCR (5) were also included to develop a broadly reactive assay. All 16 salivirus/klassevirus sequences were aligned using Jalview software version 2.8 (18), with 9 non-salivirus/klassevirus sequences of the family Picornaviridae, such as Aichi virus (GenBank accession number AB040749), poliovirus (GenBank accession number NC_002058), and hepatitis A virus (GenBank accession number M59810).
As illustrated in Fig. 1 , a forward primer (KLA-F; 5=-TCTGCT TGGTGCCAACCTC-3=), a reverse primer (KLA-R; 5=-CCARGC ACACACATGAGRGGATAC-3=), and a TaqMan MGB probe (KLA-TP; 5=-FAM-TGCGGGAGTGCTCT-MGB-NFQ-3=) were designed from sequences that were highly conserved only among the salivirus/klassevirus isolates by using Primer Express software version 3.0 (Applied Biosystems, Foster City, CA). The number of nucleotide mismatches and gaps between the designed primers/ probe and the non-salivirus/klassevirus isolates was 11 to 20 nucleotides (nt) for the forward primer, 7 to 23 nt for the reverse primer, and 3 to 14 nt for the probe. A nucleotide BLAST search of each primer and probe yielded no significant homology to nonsalivirus/klassevirus sequences. These results confirm the specificity of the designed primers and probe for salivirus/klassevirus detection.
Performance of qPCR. Double-stranded DNA containing the 486-bp 5= UTR sequence of the salivirus/klassevirus isolate SH1 (GU245894) that was amplified by outer primers for the nested PCR (SAL-L1 and SAL-R1) (5) was artificially synthesized to be used as a template for plasmid DNA construction. The doublestranded DNA was cloned into the T-Vector pMD20 (TaKaRa Bio, Otsu, Japan), and the concentration of the resulting purified plasmid DNA was determined by measuring the optical density at 260 nm.
The serially diluted standard samples of salivirus/klassevirus plasmid DNA (1.0 ϫ 10 6 to 1.0 ϫ 10 0 copies/reaction) were subjected to the qPCR run using the designed primers and probe to determine the sensitivity of the assay. Briefly, a 5-l aliquot of each standard sample was mixed with 20 l of a PCR mixture containing 12.5 l of Premix Ex Taq (probe qPCR) (TaKaRa Bio), 400 nM (each) forward and reverse primers, and 200 nM TaqMan MGB probe. PCR tubes containing the mixtures were placed into the Thermal Cycler Dice real-time system TP800 (TaKaRa Bio) and incubated at 95°C for 30 s, followed by 45 cycles at 95°C for 5 s and 58°C for 30 s. Amplification data were collected and analyzed with the Thermal Cycler Dice real-time system software version 3.00D (TaKaRa Bio).
As summarized in Table 1 , the developed qPCR assay was consistently able to detect as few as 2.0 ϫ 10 1 copies/reaction and sometimes even 1.0 ϫ 10 0 copies/reaction. A fairly linear correlation (correlation coefficient r ϭ Ϫ0.997) was observed between the log 10 initial plasmid concentrations and the threshold cycle (C T ) values at which the fluorescence intensity exceeded the threshold value over a wide range of 6 log 10 between 1.0 ϫ 10 6 and 1.0 ϫ 10 0 copies/reaction. The slope (S) of the linear regression curve was Ϫ3.302, and the efficiency (E) of the PCR amplification was calculated to be 100.8% according to the following formula: E ϭ (10 Ϫ1/S Ϫ 1) ϫ 100. Compared with the conventional nested PCR assay (5), the developed qPCR assay showed a similar or higher sensitivity for plasmid DNA amplification: both methods were able to detect as little as 1 copy of the plasmid DNA (Table 1) . Based on these experimental data, we concluded that a highly sensitive qPCR assay had been successfully developed.
Detection of salivirus/klassevirus in wastewater and river water. Between January 2011 and February 2012, a total of 84 water samples (2 liters each) were collected monthly from 2 Japanese river basins: raw sewage samples (n ϭ 14) and secondarytreated sewage samples before chlorination (n ϭ 14) collected from a WWTP and river water samples of the Fujikawa River (site FRW; n ϭ 14) and the Tamagawa River (sites TRW1, TRW2, and TRW3, from the upstream side; n ϭ 14 each). These water samples were collected as grab samples.
Viruses in the water samples (100 ml of raw sewage and 2 liters each of secondary-treated sewage and river water) were concentrated by the electronegative membrane-vortex (EMV) method (19) as described previously (12) . Viral RNA was extracted from 140 l of the virus-concentrated sample using the QIAamp viral RNA minikit (Qiagen, Hilden, Germany), followed by RT using the High Capacity cDNA reverse transcription kit (Applied Biosystems). Then a 5-l aliquot of cDNA was used as a template for the qPCR assay by following the above-described experimental procedure. All the water and standard samples and negative controls were analyzed in duplicate. According to the results of the experiments using murine norovirus as an internal control, no RT-qPCR inhibitory effect was observed in any of the water samples tested in this study (data not shown).
Salivirus/klassevirus was detected in 93% (13/14) of the raw sewage samples, 29% (4/14) of the secondary-treated sewage samples, and 16% (9/56) of the river water samples, showing concen- trations of 3.7 ϫ 10 5 to 9.7 ϫ 10 6 , 1.6 ϫ 10 4 to 7.1 ϫ 10 4 , and 1.7 ϫ 10 4 to 2.7 ϫ 10 5 copies/liter, respectively (Fig. 2) . The virus was always detected with a relatively constant concentration in the raw sewage except in one sample collected in March 2011. Although no reports have been published regarding the detection of salivirus/klassevirus in fecal specimens from Japanese patients, the results of this study show that salivirus/klassevirus infection occurs in Japan almost throughout the year.
The range of the concentrations of salivirus/klassevirus in raw sewage was quite comparable to that of other well-known human enteric viruses, such as human adenoviruses and noroviruses (E. Haramoto and M. Otagiri, unpublished data). On the other hand, salivirus/klassevirus was less abundant than other viruses in secondary-treated sewage, resulting in a higher virus removal ratio of Ͼ3 log 10 in many of the tested months. Accordingly, river water samples were less contaminated with salivirus/klassevirus, although the virus-positive ratio was relatively high at the downstream sites TRW2 (36%) and TRW3 (21%).
In addition to 3 wastewater-derived sequences that had been used to design the primers and probe, one additional sequence was obtained from the site TRW2 (GenBank accession number AB775010) by the RT-nested PCR (5) followed by direct nucleotide sequencing. When this sequence was aligned with the sequences of the designed primers and probe, a 1-nt mismatch was found in the nucleotide region at which the reverse primer bound (data not shown). Although the successful generation of the specific RT-qPCR product was confirmed by electrophoresis for this sample, further information about the diversity of the nucleotide sequences of salivirus/klassevirus isolates worldwide will be very beneficial to develop a more broadly reactive assay.
In conclusion, this study established a broadly reactive and highly sensitive RT-qPCR assay for salivirus/klassevirus and subsequently quantitatively determined the prevalence of this virus in wastewater and river water in Japan. The results from raw sewage samples show that the salivirus/klassevirus infection occurs in the studied area almost throughout the year. To our knowledge, this is the first study to quantitatively demonstrate the prevalence of salivirus/klassevirus in water. Future studies are required to more deeply understand the prevalence of this emerging virus in various types of environmental water samples worldwide. The developed assay will be further applied to fecal specimens to clarify the incidence of this virus in human society.
Nucleotide sequence accession numbers. The nucleotide sequences determined in this study have been deposited in the GenBank database under accession numbers AB775007 to AB775010.
